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most stringent system which popular opinion can be made to 
tolerate, not fifty per cent of the personal property subject 
under law to assessment ever comes within the cognizance of 
the assessors. 

David A. "Wells. 



Art. VI. — CRITICAL NOTICES. 

1. — Sound. By John Tyndall, D. C. L., LL. D., F. R. S., Profes- 
sor of Natural Philosophy in the Royal Institution of Great Brit- 
ain. Third Edition. London : Longmans, Green, <fe Co. 1875. 

Thk chief differences between this new edition of a popular and 
excellent text-book and the former issues consist in the insertion, 
before the last two chapters, of a new chapter (numbered VII.), of 
sixty-seven pages, entitled " Researches on the Acoustic Transparency 
of the Atmosphere in Relation to the Question of Fog-Signalling " ; 
and in a'Preface of nineteen pages, mainly occupied in combating the 
views promulgated by Professor Henry in the Appendix to the last 
U. S. Lighthouse Board Report, for 1874. 

It is well known, from various publications, that Professor Tyndall 
was engaged under the auspices of the Trinity House, during a great 
portion of the year 1873 (beginning in May), in investigating the 
subject of fog-signals, — a subject which had been under investigation 
by the U. S. Lighthouse Board from a much earlier date and for a 
much longer period ; and Major Elliot, in his recent valuable Report 
of observations on European Lighthouse Systems, was struck with 
the fact that " our shore fog-signals are vastly superior, both in num- 
ber and power," to those of England or of Europe. 

Notwithstanding that the results of acoustic observations made 
from time to time by Professor Henry and his coadjutors during the 
past ten years, and communicated to the Lighthouse Board, must 
have been known to its Engineer Secretary, — Major Elliot, — he has 
occupied one eighth of the Report alluded to, with the detail of 
Professor Tyndall's observations, mainly embracing the same results ; 
being struck probably with the differences of explanation offered 
on some of the observed phenomena. The natural tendency, how- 
ever, of such extended references to foreign investigations, in a narra- 
tive addressed to the U. S. Lighthouse Board by its own agent, is 
obviously as its chairman has stated in the official Report of 1874, 
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" to convey the idea that the facts which it states were new to the 
Board, and that the latter had obtained no results of a similar kind ; 
while a reference to the Appendix to this Report will show that the 
researches of our Lighthouse Board have been much more extensive 
on this subject than those of the Trinity House, and that the latter 
has established no facts of practical importance which had not pre- 
viously been observed and used by the former." 

This passage is quoted by Professor Tyndall, and he remarks upon 
it (Preface, p. 11, foot-note) : "It will be borne in mind that the 
Washington Appendix was published nesMy a year after my Report 
to the Trinity House." While this may be accepted as au evidence 
of the originality of said Report, it does not establish priority of its 
subject, since corresponding Reports were made to the U. S. Light- 
house Board in 1855, by Professor J. H. Alexander; in 1865, 1867, 
and in recent years, by Professer Henry; and in 1871, by General 
Duane. Professor Tyndall, however, does not appear to be quite sat- 
isfied with the broad statement of Professor Henry. He says : " My 
desire is to be strictly just ; and this desire compels me to express 
the opinion that their Report fails to establish the inordinate claim 
made in its first paragraph. It contains observations, but contradic- 
tory observations ; while as regards the establishment of any princi- 
ple which should reconcile the conflicting results, it leaves our condi- 
tion unimproved." (Preface, p. 15.) 

That the observations were " contradictory " is one of their merits, 
as the essential prerequisite to " the establishment of any principle " 
that should have a permanent value ; and this merit is shared by the 
observations of Professor Tyndall, who records that " the most con- 
flicting results were at first obtained" (p. 321). The failure to ap- 
prehend the complexity of the conditions controlling the propagation 
of sound, leading to hasty but natural generalizations from a single 
well-marked occurrence, or from a small number, has tended to im- 
pair the confidence of subsequent investigators in the accuracy of 
previous " contradictory observations." 

There is no doubt that were the striking experiment made by 
Delaroche in 1816, to be repeated under the same essential circum- 
stances, it would be found that a particular sound is carried farther 
at right angles to the direction of the wind than in its direction. 
But this is certainly not the. general fact, though sometimes so 
stated.* And the "contradictory observations" as to the effect of 

* " The strangeness of Delaroche's results consisted in his establishing by quan- 
titative measurements, not only that sound has a greater range in the direction 
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wind upon sound generally have led some persons to deny its influ- 
ence altogether. Thus General Duane in his instructive Report to 
the U. S. Lighthouse Board, January 12, 1872, detailing the results 
of experiments made at Portland in 1871, concludes that "the force 
and direction of the wind have much less influence than has generally 
been supposed," since he had previously noticed that while the signal 
sound is often heard at a much greater distance in one direction than 
in another, " this is not the effect of wind, as the signal is frequently 
heard much farther against the wind than with it." 

On this subject there is in the researches of Professor Tyndall a 
singular lack of any original observation or suggestion ; and as to the 
true character of the perturbations of sound by aerial currents, he 
"leaves our condition unimproved." In Chapter VII. Seotion 3, 
" Contradictory Results," he says : " None of the meteorological agents 
observed could be singled out as the cause of these fluctuations. 
The wind exerts an acknowledged power over sound, but it could not 
account for these phenomena. On the 25th of June, for example, 
when the range was only six and a half miles, the wind was favorable ; 
on the 26th, when the range exceeded nine and one fourth miles, it 
was opposed to the sound" (p. 268). Not a thought occurs here 
that aerial currents are seldom uniform for any great extent ; not a 
suspicion that, above the observer's head, the wind might differ either 
in direction or in force, or, if it did, that either of these circumstances 
could in any way affect the radiations of sound ; no idea of differences 
of temperature in atmospheric strata exercising any action of acoustic 
refraction ; but only the most cursory notice is taken that " the 
wind was favorable," or " was opposed to the sound." 

The most significant remark in his work, on the "Action of Wind" 
is the following from Chapter VII. Section 7 : " On the leeward side 
of the Foreland, on the 23d of October, the sounds were heard at 
least four times as far as on the windward side This well- 
known effect of the wind is exceedingly difficult to explain. Indeed, 
the only explanation worthy of the name is one offered by Professor 
Stokes In a short, but exceedingly able communication pre- 
sented to the British Association in 1857, the eminent physicist above 
mentioned points out a cause which, if sufficient, would account for 
the results referred to." (pp. 309, 310, 311.) 

of the wind than in the opposite direction, but that the range at right angles to the 
wind is the maximom." (Sound, pp. 810, 811.) Professor Tyndall adds in a foot- 
note (p. 311): "Experiments so important as those of Delaroche ought not to 
be left without verification. I hare made arrangements with a view to this 
object." 

vol. cxxiil — No. 251. 27 
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To Professor Henry belongs the credit of having first established 
the principles reconciling the " contradictory observations " made by 
himself and by others, and demonstrating by a carefully discriminated 
series of facts the " sufficiency " of the theory proposed by Professor 
Stokes. 

During Professor Tyndall's visit to this country, he was present 
December 11, 1872, at the reading of a paper by Professor Henry, 
" On certain abnormal Phenomena of Sound in Connection with Fog- 
Signals," before the Philosophical Society of Washington. (Bulletin, 
Phil. Soc. W., Vol. I. p. 65.) Almost immediately on his return to 
England, in 1873, he began a series of investigations on the same 
subject. "On the 19th of May, 1873, this inquiry began. The 
South Foreland, near Dover, was chosen as the signal station." 
(Sound, p. 260.) Yet throughout the numerous channels of publica- 
tion in which his results were spread, one looks in vain for an allu- 
sion to any similar work having been done in this country. 

In the new Preface (dated June, 1875), after noticing somewhat 
superfluously, though with an air of impartial commendation, the ex- 
periments of Professor Henry, published in the Lighthouse Board 
Report, on the character of the instruments employed as fog-signals 
(Preface, pp. 12, 13), he adds vaguely: "I was quite aware, in a gen- 
eral way, that labors like those now for the first time made public 
had been conducted in the United States, and this knowledge was not 
without influence upon my conduct." (p. 14.) What acknowledged 
influence these earlier labors of Professor Henry in the same field 
had does not appear from anything to be found in Professor Tyndall's 
writings. That the Preface in its present form is due to the dissent 
from his favorite theory of invisible acoustic clouds in the atmos- 
phere, expressed by Professor Henry in the Appendix to the Light- 
house Report of 1874, is sufficiently obvious. Indeed, its polemical 
tenor very clearly indicates that the question involved therein is sim- 
ply one of explanation, — the acceptance or non-acceptance of certain 
views, — in no respect one of priority of observation of the fundamen- 
tal facts. And, in fact, no anomaly of sound has been referred to, not 
embraced and discussed in the previous investigations of the U. S. 
Lighthouse Board, and no practical recommendations given for im- 
proving the fog-signal service with a view to the protection of life and 
of property at sea, not already adopted in this country. 

After briefly reciting some of the instrumental experiments under- 
taken by the chairman of the U. S. Lighthouse Board, Professor 
Tyndall continues : " Further observations were made by Professor 
Henry and his colleagues in August, 1873, and in August and Sep- 
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tember, 1874. In the brief but interesting account of these experi- 
ments, a hypothetical element appears which is absent from the 
record of the earlier observations." {Preface, p. 13.) This tribute at 
least illustrates the caution of the true philosopher in framing hy- 
potheses. 

The key-note of Professor Tyndall's contribution to the theory of 
sound is atmospheric " flocculence," or non-homogeneity. On the re- 
markable variability in the range or penetration of sound observed on 
different days, he gives the following summary of his conclusions : 
" These discrepancies were proved to be due to a state of the air 
which bears the same relation to sound that cloudiness does to light. 
By streams of air differently heated, or saturated in different degrees 
with aqueous vapors, the atmosphere is rendered Jlocculent to sound. 
Acoustic clouds in fact are incessantly floating or flying through the 
air. They have nothing whatever to do with ordinary clouds, fogs, or 
haze. The most transparent atmosphere may be filled with them ; 
converting days of extraordinary optical transparency into days of 
equally extraordinary acoustic opacity. .... Aerial echoes of ex* 
traordinary intensity and of long duration are thus produced. They 
occur, contrary to the opinion hitherto entertained, in the clearest 

air The existence of these aerial echoes has been proved by 

observation and experiment. They may arise either from air-cur- 
rents differently heated, or from air-currents differently saturated 
with vapor." (pp. 321, 322.) 

This is simply an extension of the received doctrine of a non-homo- 
geneous atmosphere being unfavorable to the transmission of sound ; 
familiar for the last three quarters of a century, or since the ob- 
servations of Humboldt on his tour in South America. Two years 
before Professor Tyndall's investigations, General Duane, in a Keport to 
the U. S. Lighthouse Board, of observations made in 1871, had arrived 
at similar conclusions. This, however, was first published in the Re- 
port of the Lighthouse Board for 1874. The following are his remarks 
on the subject : " Now it frequently occurs that a signal, which under 
ordinary circumstances would be audible at the distance of fifteen 
miles, cannot be heard from a vessel at the distance of a single mile. 
This is probably due to the reflection mentioned by Humboldt. The 
temperature of the air over the land where the fog-signal is located 
being very different from that over the sea, the sound, in passing 
from the former to the latter, undergoes reflection at their surface of 
contact. The correctness of this view is rendered more probable by 
the fact that when the sound is thus impeded in the direction of 
the sea, it has been observed to be much stronger inland 
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Experiments and observation lead to the conclusion that these anom- 
alies in the penetration and direction of sound from fog-signals are 
to be attributed mainly to the want of uniformity in the surrounding 
atmosphere, and that snow, rain, fog, and the force and direction of 
the wind have much less influence than has generally been sup- 
.posed." (Lighthouse Report, p. 104.) 

Professor Tyndall follows his quotation of these passages with this 
comment : " The Report of General Duane is marked throughout by 
fidelity to facts, rare sagacity, and soberness of speculation. The 
last three of the paragraphs just quoted exhibit, in my opinion, the 
only approach to a true explanation of the phenomena which the 
Washington Report reveals." (Preface, p. 18.) 

Now the rationale offered by Professor Henry, — the flexure of 
sound-rays by the unequal velocity of their wave-fronts, certainly em- 
braces a larger variety of obscure and puzzling phenomena than that 
proposed by Professor Tyndall. The observed facts of sound being 
sometimes heard far beyond an intermediate region of inaudibility, — 
of its being heard through a given region of atmosphere in one direc- 
tion, while wholly unheard in the reverse direction, — of its being heard 
at the mast-head of a vessel, after being lost on deck, — and even of 
its being occasionally heard with increased distinctness against the 
sensible wind, — are quite inexplicable on the "acoustic-cloud" hy- 
pothesis, while they receive a satisfactory explanation on the hypothe- 
sis of acoustic refraction. 

Professor Henry, in publishing the Report of General Duane, thus 
comments on the passages above quoted : " In the foregoing, J differ 
entirely in opinion from General Duane, as to the cause of extinction 
of powerful sounds being due to the unequal density of the atmos- 
phere. The velocity of sound is not at all affected by barometric 
pressure; but if the difference in pressure is caused by a difference in 
heat, or by the expansive power of vapor mingled with the air, a 
slight degree of obstruction of sounds may be observed. But this 
effect, we think, is entirely too minute to produce the results noted by 
General Duane and Dr. Tyndall, while we shall find in the action of 
the currents of wind above and below a true and sufficient cause." 
(Lighthouse Report, p. 104.) 

Professor Tyndall quotes this paragraph (Preface, p. 18), and es- 
pouses very positively the opposite view of General Duane : " The 
observations at the South Foreland, where the sound has been proved 
to reach a distance of more than twelve miles against the wind, 
backed by decisive experiments, reduce to certainty the surmises of 
General Duane." (Preface, p. 19.) His presentation, however, of the 
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•view of his competitor, hardly exhibits his usual accuracy or courtesy. 
He says : " Professor Henry thus accounts for the fact that the north- 
east snow-wind renders the sound of Cape Elizabeth audible at Port- 
land. In the higher regions of the atmosphere he places an ideal 
wind, blowing in a direction opposed to the real one, which always 
accompanies the latter, and which more than neutralizes its action. 
In speculating thus he bases himself on the reasoning of Professor 
Stokes, according to which a sound-wave moving against the wind is 
tilted upwards. The upper and opposing wind is invented for the 
purpose of tilting again the already lifted sound-wave downwards. 
Professor Henry does not explain how the sound-wave recrosses the 
hostile lower current, nor does he give any definite notion of the 
conditions under which it can be shown that it will reach the 
observer." (pp. 19, 20.) 

This passage certainly does not indicate a very clear or correct 
comprehension of the doctrine of refraction as resulting from simple 
differences in the force or direction of the wind ; and the critic has 
permitted himself to employ the word " is invented," notwithstanding 
that in the Lighthouse Eeport reasons are given, both from experi- 
ment and observation, fully justifying the assumption of an "upper 
opposing wind.",! 

Professor Tyndall, with an air of " authority," proceeds : " This, so 
far as I know, is the only theoretic gleam cast by the Washington Ee- 
port on the conflicting results which have hitherto rendered experi- 
ments on fog-signals so bewildering. I fear it is an ignis fatuus instead 
of a safe guiding light. Professor Henry, however, boldly applies the 
hypothesis in a variety of instances. But he dwells with particular 
emphasis upon a case of non-reciprocity which he considers absolutely 
fatal to my views regarding the flocculence of the atmosphere." 
(p. 20.) 

Professor Henry may here be quoted at length : " That a flocculent 
condition of the atmosphere, due to the varying density produced 
by the mingling of aqueous vapor, is a true cause of obstruction in 
the transmission of sound, is a fact borne out by deduction from the 
principles of wave-motion, as well as by the experiments of the dis- 
tinguished physicist of the Eoyal Institution of Great Britain ; but 
from all the observations we have made on this subject, we are far 
from thinking that this is the efficient cause of the phenomena under 
consideration. A fatal objection, we think, to the truth of the hy- 
pothesis Professor Tyndall has advanced, is that the obstruction to 
the sound, whatever may be its nature, is not the same in different 
directions. We think we are warranted in asserting that in the 
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cases of acoustic opacity which he has described, if he had simultane- 
ously made observations in an opposite direction, he would have come 
to a different conclusion. That a flocculent condition of the atmos- 
phere should slightly obstruct the sound, is not difficult to conceive ; 
but that it should obstruct the ray in one direction and not in au op- 
posite, or in a greater degree in one direction than in another, the 
stratum of air being the same in both cases, is at variance with any 
fact in nature with which we are acquainted. We would hesitate to 
speak so decidedly against the conclusions of Professor Tyndall, for 
whose clearness of conception of physical principles, skill in manipu- 
lation, and power of logical deduction, we entertain tho highest 
appreciation, were the facts which were obtained in our investiga- 
tions of a less explicit character." (Lighthouse Report, pp. 116, 117.) 

Among several similar observations, the one mainly referred to is 
the case of a ten-inch steam-whistle at the Whitehead Light-station 
(about one mile and a half off the coast of Maine), suddenly ceasing 
to be heard by an approaching vessel within the distance of about 
three miles. Professor Henry notes that " the wind during this time 
was from the south, or approximately in an opposite direction to the 
sound " ; a smaller steam-whistle on the vessel being meanwhile dis- 
tinctly heard at the station. (Lighthouse Report, pp. 107, 108.) 

The champion of " flocculence," still undaunted, replies : " But the 
atmosphere was not still, and a sufficient reason for the observed non- 
reciprocity is to be found in the recorded fact that the wind was 
blowing against the shore-signal, and in favor of the ship-signal." 
(Preface, p. 21.) How this favors the acoustic-cloud hypothesis is not 
very apparent. Professor Henry had previously remarked : " At first 
sight, the explanation of this might seem to be very simple, namely, 
that the sound is borne on in the one direction and retarded in the 
other by the motion of the wind. But this explanation, satisfactory 
as it might appear, cannot be true. Sound moves at the rate of 
about 780 miles an hour, and therefore, on the above supposition, 
a wind of 7.8 miles per hour could neither retard nor accelerate its 
velocity more than one per cent, — an amount inappreciable to ordinary 
observation ; whereas we know that a wind of the velocity we have 
mentioned is frequently accompanied with a reduction of the pene- 
trating power of sound of more than fifty per cent." (Lighthouse 
Report, p. 106.) 

Professor Tyndall continues: "But the argument of Professor 
Henry, on which he places his main reliance, would be untenable, 
even had the air been still. By the very aerial reflection which he 
practically ignores, reciprocity may be destroyed in a calm atmos- 
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phere. In proof of this assertion, I would refer him to a short paper 
on 'Acoustic Eeversibility ' printed at the end of this volume." 
(Preface, p. 21.) The condition, "even had the air been still," is 
certainly curious, in view of the fact that " the argument of Professor 
Henry " is based directly on the existence of differences in the velo- 
city of the wind ! 

The chapter on " Acoustic Reversibility " so confidingly referred to, 
forming " Appendix II.," and the conclusion of the work (pp. 403 - 
411), is probably the least satisfactory essay in the volume. The 
card-board screen experiment, permitting sound to be diffracted 
around the edge of the card to a nearer point in one direction than in 
the reverse direction, appears quite foreign to the remarkable case of 
"non-reversibility" observed by Arago in 1822; and on no known 
physical principle can it be shown that a flocculent veil in the atmos- 
phere will be " diacoustic " on one side, and " catacoustic " on the op- 
posite side. It is the conception, of a transparent mirror, with a 
valve so cunningly arranged, that all the rays falling on one side will 
pass through without obstruction, while all the rays falling on the 
other side will be reflected backs 

And yet, with a complacency that almost seems infatuation, Pro- 
fessor Tyndall continues : " The most remarkable case of non-re- 
ciprocity on record, and which, prior to the demonstration of the ex- 
istence and power of acoustic clouds, remained an insoluble enigma, 
is there shown to be capable of satisfactory solution. These clouds 
explain perfectly the ' abnormal phenomena ' of Professor Henry. 
Aware of their existence, the falling off and subsequent recovery of 
a signal-sound, as noticed by him and General Duane, is no more a 
mystery than the interception of the solar light by a common cloud, 
and its restoration after the cloud has moved or melted away. The 
clew to all the difficulties and anomalies of this question is to be 
found in the aerial echoes, the significance of which has been over- 
looked by General Duane, and misinterpreted by Professor Henry." 
(Preface, p. 21.) 

It is believed that the real cause of the abnormal phenomena no- 
ticed lies much deeper than is here supposed ; and that to every 
unbiassed physicist it can be satisfactorily shown that the true solu- 
tion of the enigma has been discovered by Professor Henry, and has 
been as signally missed by Professor Tyndall ; * nay, that it has even 
failed to be rightly understood by him, after having been propounded. 

* This subject has been quite recently discussed, in the American Jour. Science 
for January and February. 
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" If we accept for a moment," says he, " a statement which Pro- 
fessor Henry seems to indorse, that sound-waves of great intensity, 
when they impinge upon a solid or liquid surface, do not obey the 
law of incidence and reflection, but ' roll along the surface like a 
cloud of smoke,' it only increases the difficulty." (Preface, p. 23.) 
There was no occasion for attributing this inexact comparison to Pro- 
fessor Henry. The phrase quoted is from General Duane, who says 
in his Report : " Upon a large scale, sound does not appear, on strik- 
ing a surface, to be reflected after the manner of light and heat, but 
to roll along it like a cloud of smoke." The only " seeming indorse- 
ment " in Professor Henry's comment is : " This statement is in a 
measure in accordance with results which I have previously found," 
that " powerful sounds tend to diverge laterally to such a degree as 
to render reflectors of comparatively little use." (Lighthouse Report, 
p. 100.) The statement of Professor Henry is simply one of fact, as- 
certained by very decisive experiments, the details of which are given 
in his Report. Nor is this so surprising as might appear, if we con- 
sider that the dimensions of a sound-reflector cannot conveniently 
exceed an average wave-length of sound. Were it possible to con- 
struct such a reflector, comparable in this respect to even the very 
smallest ever employed optically, we should probably have that dis- 
tinct relation of incidence and reflection observed in light, and pro- 
portionately in ordinary sounds within small distances. 

If we may judge from Professor Tyndall's earnest invective (rather 
oddly interpolated into his " aerial echoes "), he has at last triumph- 
antly burst asunder the shackles of " authority " which had previously 
bound him, and now stands forth disenthralled and exultant. 

" The clew to all the difficulties and anomalies of this question is 
to be found in the aerial echoes, the significance of which has been 
overlooked by General Duane, and misinterpreted by Professor 
Henry. And here a word might be said with regard to the injurious 
influence still exercised by authority in science. The affirmations of 
the highest authorities, that from clear air no sensible echo ever 
comes, were so distinct that my mind for a time refused to entertain 
the idea. Authority caused me for weeks to depart from the truth, 
and to seek counsel among delusions.* On the day our observations 

* On page 258 occurs this remarkable statement : " The publication of Dr. Der- 
ham's celebrated paper in the Philosophical Transactions for 1 708 marks the latest 
systematic inquiry into the causes which affect the intensity of sound in the atmos- 
phere." This systematic inquiry does not however appear to have been read ; for 
" the affirmation of this authority " (however " injurious its influence ") is cer- 
tainly " distinct," — one hundred and sixty-seven years ago. " I will add also an 
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at the South Foreland hegan, I heard the echoes. They perplexed 
me. I heard them again and again, and listened to the explanations 
offered by some ingenious persons at the Foreland. They were an 
'ocean-echo.' This is the very phraseology now used by Professor 
Henry ; . . . . one of the phases of thought then passed through, 
one of the solutions then weighed in the balance and found wanting, 
being identical with that which Professor Henry now offers for accep- 
tation. But though it thus deflected me from the proper track, shall 
I say that authority in science is injurious ? Not without some qual- 
ification. It is not only injurious, but deadly, when it cows the 
intellect into fear of questioning it." (Preface, p. 22.) To what is 
all this apropos 1 

This is the very style of protest one is accustomed to hear from 
some automatic-motor inventor, quadrature discoverer, anti-Newto- 
nian philosopher, or transcendental mathematician intent on show- 
ing ("in the absence of all proof to the contrary") that a straight 
line indefinitely prolonged may possibly cease to be rectilinear. But 
surely such fervid "air-beating" is scarcely worthy of one who has 
himself earned the right (perhaps not altogether unconsciously) to 
speak with some authority on certain topics of science. It is not 
usually the intelligent and genuine seeker after simple truth who 
feels any occasion for emancipation from the trammels of " authority 
in science." The only thing approaching such sway recognized by 
the cultured is the deference justly paid to the opinion of experts, in 
the range of their special explorations. Science has no hierarchy, 
and hence no dogma. Its domain is absolutely republican. 

But when Professor Tyndall declares that " authority " caused him 
to depart from the truth, and that " the affirmations of the highest 
authorities" were "distinct," that from clear air no sensible echo 
ever comes, it is to be feared that he has been the unconscious vic- 
tim of a non-scientific use of the imagination. It may be doubted 
whether such " distinct affirmations " can be found in any authority 
(" highest " or lowest) on the subject of sound. We should as much 
expect to find the distinct affirmation by an expert in optics, that 
from the empty ether no luminous reflection ever comes, — a proposi- 
tion which would yet probably so command the unhesitating assent 
of Professor Tyndall, that " his mind would refuse to entertain the 
idea " of its denial. The truth is that the human mind is fortunately 

example of Me reflection of sound in the air from aerial particles. When I have heard 
the boom of great guns of war, especially in a clear and tranqnil sky, I have quite 
frequently observed a murmur aloft in the air, preceding the report." — Phil. Tram. 
1708, XXVI. 2. 
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so constituted, that it hesitates to adopt a new apprehension not 
clearly justified by conscious experience ; and Professor Tyndall " for 
a time refused to entertain the idea" of aerial echoes, doubtless for 
the same reason that some of his readers will continue to do so, 
notwithstanding his " authority." 

Our author continues : " But the authority which so merits our 
respect as to compel us to test and overthrow all its supports, before 
accepting a conclusion opposed to it, is not wholly noxious. On the 
contrary, the disciplines it imposes may be in the highest degree 
salutary, though they may end, as in the present case, in the ruin of 
authority." (Preface, p. 22.) Authority in science is injurious; but 
with this qualification it may be " deadly," or it may be only partially 
" noxious." An impassive reader may well wonder what fortress of 
scientific pretension it is which (though " meriting respect ") has been 
so shattered and demolished. 

Had some enthusiastic believer in the " authority " of Professor 
Tyndall proclaimed for his hero, that having invested the fastnesses 
of " the highest authorities " preceding him, — by the salutary dis- 
cipline acquired in " testing and overthrowing all the supports " of the 
besieged, — he had finally achieved a victory ending in the total 
" ruin of authority," the bulletin would probably be accounted by the 
judicious as both fulsome and inane. As the utterance of the intel- 
lectual Luther himself, it may be left without characterization. 

Not the least characteristic feature exhibited throughout this con- 
troversial " Preface" is the lofty complacency exhibited by its writer. 
For example : " With regard to the particular notion which now finds 
favor with Professor Henry, it suggests the thought that his observa- 
tions, notwithstanding their apparent variety and extent, were really 
limited as regards the weather. For did they, like ours, embrace 
weather of all kinds, it is not likely that he would have ascribed to 
the sea-waves an action which often reaches its maximum intensity 
when waves are entirely absent." (Pre/ace, p. 23.) The suggestion 
that Professor Henry probably made observations only during Btormy 
weather, sounds not a little whimsical in reference to investigations 
on this subject, scattered over ten years, and along hundreds of miles 
of sea-coast. 

Or once more : " Rightly interpreted and followed out, these aerial 
echoes lead to a solution which penetrates and reconciles the phenom- 
ena from beginning to end. On this point I would stake the issue of 
the whole inquiry, and to this point I would, with special earnest- 
ness, direct the attention of the Lighthouse Board of Washington. 
Let them prolong their observations into calm weather. . . . . The 
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echoes afford the easiest access to the core of this question, and it is 
for this reason that I dwell upon them thus emphatically. It re- 
quires no refined skill or profound knowledge to master the conditions 
of their production ; and, these once mastered, the Lighthouse Board 
of Washington will find themselves in the real current of the phe- 
nomena, outside of which — I say it with respect — they are now 
vainly speculating." (Preface, p. 24.) 

And this attitude of condescending dignity is assumed toward one 
■whom he had recognized while in America as our " scientific Nestor," 
and had extolled as being already " in the van of experimental in- 
quiry," when the banqueted speaker was yet a novice in science.* 
His placid confidence in his own cherished hypothesis never permits 
a suspicion that it may possibly lie "outside the real current of the 
phenomena " ; and on his self-consciousness no imagination dawns 
that the rival hypothesis, so magisterially dismissed by him as an 
ignis fatuus, is really a theory, based upon a series of observed facts, 
and fertile in suggesting explanations of a range of seemingly incon- 
gruous effects, otherwise quite beyond the reach of any existing 
speculation. 

So completely does Professor Tyndall seem to himself to have 
grasped the subject and exhausted its product, that he concludes : " if 
Professor Henry will but adopt the same views regarding aerial echoes, 
the acoustic deportment of the atmosphere in haze, fog, sleet, snow, 
rain, and hail will be no longer a mystery: even those 'abnormal 
phenomena,' which are now referred to an imaginary cause, or reserved 
for future investigation, will be found to fall naturally into place, as 
illustrations of a principle as simple as it is universal." {Pre/ace, pp. 
24, 25.) 

Professor Tyndall thus epitomizes his labors : "In the years 1873 
and 1874 this subject received an exhaustive examination, observa- 
tional and experimental." (p. 321.) Jamque opus exegi. — " Thus 
ends for the present, at all events, an inquiry which I trust will prove 
of some importance, scientific as well as practical." (p. 319.) 

Professor Henry, whose researches on the subject have been much 
more extensive, — while the Trinity House " has established no facts 
of practical importance which had not previously been observed and 
used by the Lighthouse Board," and who has really made a con- 
tribution to our knowledge, of far wider reach and higher value, — in 
the concluding paragraph of his Report speaks thus : " Much further 
investigation is required to enable us to fully understand the effects 

* Lectures on Light: iu U. S. —Am. Ed., 1873 {pp. 10, and 1861). 
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of winds on the obstruction of sound, and to determine the measure 
of the effect of variations of density in the air, due. to inequality of 
heat and moisture. But such investigations can only be made under 
peculiar conditions of weather and favorable localities, with the aid of 
a number of steamers, and a series of observers, by whom the trans- 
missibility of the air may be simultaneously observed in different 

directions It is the intention of the Lighthouse Board to 

continue observations in regard to this matter, and to embrace every 
favorable opportunity for their prosecution under new and varied 
conditions." (Lighthouse Report, p. 1 1 7.) 

Professor Tyndall has failed to realize the practical importance of 
acoustic refraction; which is unquestionably a real phenomenon, 
and which may result from two independent causes or conditions. 
First, there is the refraction occasioned by differences of aerial cur- 
rents, suggested by Professor Stokes, in 1857; and, second, the refrac- 
tion occasioned by differences of aerial temperature, pointed out by 
Professor Reynolds, in 1874. While he is of course fully aware that 
the velocity of sound is affected by differences of wind, as well as 
by differences of temperature, he is not aware that an easy calcula- 
tion will show the resultant deflection to be in many cases quite con- 
siderable. Turning to Section 6 of Chapter I., which treats of the 
" Refraction of Sound," the only illustration of the subject we find is 
a reference to the experiment of Sondhauss (now nearly a quarter of 
a century old), showing the convergence of sound to a focus by the 
use of a carbonic-acid gas lens in a thin membranous envelope." (pp. 
19, 20.) This exhausts the subject. 

And yet the observations of Professor Tyndall himself furnish evi- 
dence on this point, the true significance of which has entirely escaped 
him. In his experiments at the South Foreland, there were at first 
employed on the beach, about forty feet above high-water mark, two 
fog-horns, each eleven feet long, and an air-whistle with six-inch cups ; 
and on the top of the Dover cliffs, about two hundred feet above 
these, another set of instruments of precisely the same size and 
power. "Numerous comparative experiments made at the outset 
gave a slight advantage to the upper instruments. They therefore 
were for the most part employed throughout the subsequent inquiry." 
(Sound, p. 263.) 

Is it not strange that Professor Tyndall's inquisitive mind neg- 
lected to search into the meaning of this " slight advantage " 1 Or 
was he at once satisfied that flocculent clouds had something to do 
with it? Here was a difference, — not accidental, — but confirmed 
by " nutnerotu comparative experiments," and in a direction, too, con- 
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trary to that which might have been anticipated ; for not only were 
the lower instruments in denser air, and therefore theoretically in a 
condition to give a louder sound with the same motive-power, but by 
being near to the resisting and protecting wall of the sea-surface, 
were favorably placed for distinctly transmitting their sound to a 
distance : added to which was the extended wall of chalk-cliff, two 
hundred feet high, immediately behind the instruments, for rein- 
forcing and reflecting the sound-waves seaward. 

What, then, is the true explanation of this apparent anomaly % That 
the stratum of air two hundred feet above the sea was ordinarily (or 
when still) cooler than that near the surface, is hardly doubtful. 
Professor Tyndall has stated for us the well-known fact, that " inas- 
much as the air above is colder than that below, the actual velocity on 
the summits of mountains is less than that at the sea-level." (Sound, 
p. 23.) The difference being, at ordinary temperatures, about one 
foot per second for each degree Fahrenheit. Here, then, with the 
admitted fact of the lower portion of the sound-wave moving more 
swiftly than its upper portion, we have the inevitable condition of a 
flexure of the horizontal rays of sound upward as they advance ; and 
however slight this refraction, as it is continuous or cumulative, in 
the course of several miles it must make itself felt. Obviously, the 
limiting point of tangency with the sea, of the upward bent rays of a 
given curvature, must be much nearer to the lower source of sound 
than to the upper ; and hence while at the distance of ten miles the 
curved rays of sound from the top of the cliff might reach the deck 
of a vessel, those from its base would pass considerably above the 
vessel. 

"Whenever a sea-breeze should blow toward the fog-signal, as it 
would commonly be stronger above, and more resisted and lagging 
below, the refraction would generally be reinforced by the still 
greater retardation of the upper part of the sound-waves than the 
lower part. On those rare occasions where neither of these condi- 
tions should exist, that is, neither an unequally retarding wind nor 
a diminished temperature in the upper strata, there can be no doubt 
that then the lower instruments would prove the more effective. 

Allusion has already been made to the " conspicuous absence " of 
any research into the prominent and familiar fact of the influence of 
wind on sound-range. Dr. Robinson, in his Report on " Fog Signals " 
in 1863, remarked that ■" a gun or bell which is heard several miles 
down the wind, is inaudible at more than a few furlongs up it." (Rep. 
Brit. Assoc. 1863, XXXIII. 106.) And Professor Tyndall gives his dis- 
tinct testimony to the fact, that " it is within the mark to say that 
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the gun dn October 11th was heard five times, and might have been 
heard fifteen times as far to leeward as to windward." (Sound, p. 309.) 
Strangely enough, a result so remarkable and so well determined by 
repeated observation, receives from him no elucidation, and is left by 
him without ev«n a suggestion toward interpretation ! What con- 
ceivable condition or arrangement of " flocculence " — that persistent 
obscurer— could be supposed to have its transparency or opacity to 
sound multiplied so many times by a simple difference of direction in 
the wind ? 

Another instance may be cited of our author's lack of comprehen- 
sive insight into the full import of his own observations. He says : 
" Up to July 3d, all remained enigmatical ; but on this date observa- 
tions were made which seemed to me to displace surmise and per- 
plexity by the clearer light of physical demonstration At 

2.15 p. m., and at a distance of three and three fourth miles from the 
station, with calm, clear air and a smooth sea, the horns and whistle 
were sounded, but they were inaudible. Surprised at this result, I 
signalled for the guns. They were all fired, but though the smoke 

seemed at hand, no sound whatever reached us We steamed 

on in the same bearing to two miles, and had the guns fired point 
blank at us. The howitzer and the mortar, with three- pound charges, 
yielded a feeble thud, while the eighteen-pounder was wholly un- 
heard." (pp. 268, 269.) "As I stood upon the deck of the Irene, 
pondering the question, I became conscious of the exceeding power of 
the sun beating against my back and heating the objects near me. 
Beams of equal power were falling on the sea, and must have pro- 
duced copious evaporation." (p. 271.) Hence atmospheric "floccu- 
lence," and as a result, acoustic opacity. "Curiously enough, the 
conditions necessary for the testing of this explanation immediately 
set in. At 3.15 p.m., a solitary cloud threw itself athwart the sun 
and shaded the entire space between us and the South Foreland. 
The heating of the water, and the production of vapor, — and air- 
currents were checked by the interposition of this screen The 

sounds, as I expected, were distinctly, though faintly heard. This 

was at three miles' distance We pushed the test further by 

steaming farther out. At five and three fourth miles we halted and 
heard the sounds ; at six miles we heard them distinctly." (pp. 272, 
273.) 

That this interesting experiment furnished a satisfactory test of 
something more than aerial " flocculence" does not appear to have 
entered the observer's mind. So preoccupied was his mental vision 
with a hypothetical image, that it had no perception of that vera causa, 
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the necessary refraction of the acoustic rays under the conditions 
stated, — - the lifting of the waves of sound above the listener's head 
through the heated atmosphere of the July sun; and the subse- 
quent flattening or unbending of these rays as the lower air grew 
cooler. That the powerful and penetrating sounds of steam-whistles, 
fog-trumpets, and cannon — having an easy range of a dozen miles 
— could be absolutely extinguished by vapor-clouds at the distance of 
two miles appears quite incredible. That such sounds might be en- 
tirely deflected away, and so become inaudible in a given direction 
without losing their range, is entirely conformable to what we know. 
And that the larger amount of vapor in the lower strata of air should 
also increase this refraction, by rendering the air more absorbent of 
heat, is no less accordant with the indications of theory. 

Professor Reynolds, to whom belongs the credit of this fine exposi- 
tion, well remarks : " Here we see that the very conditions which 
actually diminished the [sensible] range of the sound were precisely 
those which would cause the greatest lifting of the waves. And it 
may be noticed that these facts were observed and recorded by Pro- 
fessor Tyndall, with his mind altogether unbiased with any thought 
of establishing this hypothesis. He was looking for an explanation 
in quite another direction. Had it not been so, he would prob- 
ably have ascended the mast, and thus found whether or not the 
sound was all the time passing over his head. On the worst day, an 
ascent of thirty feet should have extended the range nearly a quarter 
of a mile." (Proceedings R. S. 1874.) 

To conclude this somewhat extended review, the judgment must 
be pronounced that the additional matter introduced into this new or 
third edition of " Sound " occupies a space very considerably in ex- 
cess of its real importance. Had the ill-advised preface been sup- 
pressed, and the prolix Chapter VII. been condensed into something 
like its present "summary," the just proportions of the treatise 
would have been much better maintained. If, in addition to this, 
the section on " Refraction of Sound " had been extended and en- 
riched with the pregnant results of the researches of Professor Henry 
and of Professor Reynolds, the value of the work as an exposition of 
the present state of the science of acoustics would have been greatly 
enhanced. 



